Reference 2 provides a ten-point test a new particle has to pass to be considered a viable DM candidate: "(I) Does it match the appropriate relic density? (II) Is it cold? (III) Is it neutral? (IV) Is it consistent with BBN? (V) Does it leave stellar evolution unchanged? (VI) Is it compatible with constraints on self-interactions? (VII) Is it consistent with direct DM searches? (VIII) Is it compatible with gamma-ray constraints? (IX) Is it compatible with other astrophysical bounds? (X) Can it be probed experimentally?" It so happens that WIMPs meet all the above tests. Reference 3 gave a mass value of between 100-300 GeV for WIMPs. A second theory involving undetected particles is that some dark matter is made of hypothetical subatomic particles called "axions." Thus, the difference between the two theories (WIMPs or axions) is that dark matter is either made of a large number of light particles (axions) or a smaller number of heavier particles.
A way to link the two states of DM is to note, as Ref. 4 7 . Axions have been considered as a power source to be scooped up in space because of their estimated thick density in space, and DM candidates for masses considerably above the axion values have been brought up as a way to increase thrust / power for more efficient propulsion. Reference 8 writes that a typical Daedalus's star ship designed for six light years of travel requires 1.7 million metric tons of fuel, which is unrealistic, and Frisbee states that the photon rocket has a travel time of 42 million years to accelerate to one tenth the speed of light.
First Principles of an Axion/DM Ramjet
According to Ref. 9 in discussions of the applications of their description of the CAST experiment, axions can be changed by the Primakoff effect into photons, which could theoretically be used as a source of thrust.
9,10 The power density available from axions depends on their mass, the density of axions in space, and the velocity of the vehicle. At 10 −5 eV, with a velocity of .001c, assuming 200,000 per cc axions in intergalactic space (an axion has a mass 1/400,000,000th of the mass of an electron, so there should be 200,000 per cc in intergalactic space, according to Ref. 11) .
The author used a velocity of .001c, assuming a ramjet is used for inserting axions into a chamber from outer space. At .999c, the power is nearly 1500 watts/cm 2 , which appears to be respectable. These calculations assume a density of half a trillion axions per cubic centimeter the vicinity of Earth, more per cc near the galactic center, and only is also assumed that an axion traveling at .1c, hitting a 1 cm-squared region of space, undergoes an 10
electron volt value to 10 −3 eV value for the axion mass. This axion mass would then be directly converted into energy, and that there are roughly up to half a trillion axions per cubic centimeter. So how can one obtain a power value of 1500 or so watts per square centimeter at nearly .1c? What is being looked for is how to have a far greater energy power equivalent to 1500 Watts per square centimeter for far slower travel. The reason being that the greater the power output at lower speed of light values, the faster a space craft would be able to accelerate to that speed. Our Dark Matter candidates (WIMPs), instead of being 10 −3 eV are, instead, 100 to 400 GeV. So a more efficient way is required to reach a power ratio of 1500 or so watts per square centimeter for a rocket. The problem of momentum kick is as follows. As implied by Ref. 12, "Every axion produces a momentum kick of
where m is the axion rest mass." Special relativity suggests that a lowpower-output space craft would take quite a long time to accelerate to almost the speed of light. A viable DM rocket would allow a rocket to have far more power, permitting a more rapid acceleration to at least ten percent of the speed of light in a reasonable time period.
And why this is all important? Facing some serious problems in contemporary cosmology
At the EXTREMA of any function: dx/dt = 0. But for Big-Bang, dS/dt = ∞ at S = 0. And then why would one care about entropy in the first place. It so happens as reported by Ref. 6 as adapted from Refs. 13 and 14. The fact is that the non-SUSY Lagrangian offered by Ref. 5 may not only give the correct mass value for a useful interstellar propulsion candidate, but also tie in with entropy production formalism which avoids dS/dt = ∞ at S = 0 seen in present cosmology models. It is then appropriate to consider practical applications of Reference 14's quantum 'infinite' statistics. Reference 14 outlines how to get S ≈ N . Begin with a partition function
This, according to Ng, leads to an entropy of the limiting value of
, so unless N in Eq. (4) above is about 1, S (entropy) would be < 0, which is a contradiction. Now this is where Ng introduces removing the N ! term in Eq. (3) above, i.e., inside the Log expression we remove the expression of N in Eq. (4) above. This is a way to obtain what Ng refers to as Quantum Boltzmann statistics, so then we obtain for sufficiently large N , where N is a numerica DM density referred to as < n >.
Conclusion
One can state that near-light speeds, the available axion power would be about 3 watts/cm 2 times β × γ 2 , where β = (v/c) is the velocity relative to light, and
is the square of the relativistic mass-increase factor. At a velocity of 99.9% c, the available power from axions would be 1500 watts/cm 2 , enough power for a modest energy-efficient space drive (the faster it goes, the more such power becomes available). In principle, a photon rocket may be improved upon, using DM/axion destruction via intense E & B fields. In IDM 2008, a mass range for DM up to about 400 GeV, per particle was predicted, adding credibility to a counting algorithm based on Eq. (5).
6 I.e., entropy would then be added due to DM particles which would be produced within the CMBR region of space. I.e., the wave length of DM would be well within the region of space before 380 thousand years after the Big Bang. What is needed, to make a linkage between axions and WIMP DM more understood would be application of Bayesian statistics, as Ref. 7 wrote about. An experimental program of DM applications to space flight may enable investigations into this issue, allow for understanding the genesis of entropy in pre CMBR space, and lead to engineering studies in order to make interstellar travel a possibility.
